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1. INTRODUCTION 

Recently, non-orthogonal multiple access (NOMA) has proposed as a leading multiple access tech- 
nique to implement various networks in the fifth generation (5G) wireless communication. NOMA provides 
lots of improvements such as massive connections, higher spectral efficiency, guaranteed user fairness, and 
low access latency [1], [2]. In principle, NOMA relying on non-orthogonal resource to serve many users in 
same time and this scheme is different with conventional orthogonal multiple access (OMA) relaying networks 
[3]-[6]. Popular schemes are employed in NOMA such as frequency-division multiple access (FDMA) and 
time-division multiple access (TDMA). The challenging models are developed by the authors in [7]-[9], in 
which combination between relay schemes and NOMA is introduced as novel scheme, namely cooperative 
NOMA. The novel idea of NOMA is to devide the power domain for realizing MA. In NOMA, different power 
levels are allocated for different users with respect to distinguished signals [10]-[12]. To further detect signal 
from received mixture signal, the successive interference cancellation (SIC) is required to eliminate the mul- 
tiuser interference at the receivers [13]. To further increase spectrum efficiency, cognitive radio (CR) can be 
integrated with NOMA [14]. 

The authors in [15]-[21] investigated important role of EH in deployment of NOMA._In the context of 
EH-NOMA, the secondary users receive the radio-frequency signals to harvest energy and to securely transmit 
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the secondary privacy information with advantage of the NOMA approach [15]. Different from the traditional 
ideal linear EH scheme, the authors in [15] implemented the practical non-linear EH architecture. The authors 
in [16] studied a multiple-access channel (MAC), in which transmitters with capability of EH. The batteries 
equipped in the transmitters have non-ideal charging and discharging characteristics, which leads to a fractional 
loss of power driven [16]. Two modes of CR-NOMA are studied in [16] including underlay network and 
overlay network. Such NOMA system relying on Simultaneous Wireless Information and Power Transfer 
(SWIPT) architecture to form a SWIPT-aided CR-NOMA system model which exhibits better performance 
with the approximate formula of energy efficiency for two modes are derived. 

Motivated by recent works [2], [7], [8], this paper considers a new cooperative EH-NOMA protocol, 
where the intermediate relay has not equipped the fixed power source and acts as a wireless powered relay with 
respect to optimal instantaneous rate. Such relay is designed to help signal forwarding to representative weak 
user and strong user in NOMA. 


2. SYSTEM MODEL AND SNR COMPUTATION 
2.1. System model 

The considered system model in Figure 1 comprises of a base station (BS), two destinations (U1, U2) 
and a power splitting-based EH relay [18]-[21]. The channel gains ha» for link from node a to node b corre- 
sponding exponential distribution with means Aa». It is assumed that the channels are quasistatic which means 
that the channels remains constant over one transmission time while different values for these channels over 
different transmission times. The Amplify-and-Forward (AF) or Decode-and-Forward (DF) relaying protocol 
is employed at relay. T is called as the whole transmission time and it is divided into two transmission phases. 
Regarding EH function, it uses only the harvested power during the first transmission phase to transmit during 
the second transmission phase. Pg is the transmit power of the BS, x; and x2 are the messages BS intends to 
send to the weak user U; and the strong user U2. a; and ag are denoted as the power allocation coefficients in 
NOMA scheme. Following the principle of NOMA, we assume that a; > a2 with ay + a2 = 1. 
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Figure 1. System model of wireless powered NOMA 
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2.2. SNR computation 
In the first transmission phase, the received signal at the relay R is expressed by 


yr = v (1 — B)hsr (VarPsn + V'azPsz2) +nR (1) 


where np stands for the additive white Gaussian noise (AWGN) with variance No, PS coefficient is denoted 
by 8 (0 < 8 < 1) assigned at relay. 
The harvested power during the first transmission phase is given as [20, 25] 


Ph = BPs\hsrl” (2) 


Thus, the signal-to-interference-plus-noise ratio (SINR) and signal-to-noise ratio (SNR) after perform- 
ing successive interference cancellation (SIC) in NOMA can be determined to detect signal x1, £2 respectively 
at R and they can be given as 


(1 — 8) a1Ps|hsrl? 
(1 — 8) a2Ps|hsr|? + No 
_ _(1-8)aplhsr|? 

(1 — 8) azplhsr? +1 





YSR1 = 


(3) 





and 


ysr2 = (1 — B)azp|hsrl’, (4) 


where p = xs is so-called as transmit SNR at the BS. 


Then, the SINR to detect x; at user Uj is given by 


Boa |heu,||hsrl 
bpazlhsrl? |hru,| +1 
Similarly, the SINR to detect x2 at user Uz is computed by 





(5) 


YRU, = 


Bpailhro-l lhsrl? 
Bpaz|hsr|? |hru,| +1 
After SIC implementation at U2, SNR to to detect x2 is 





(6) 


YRU21 = 


YRU, = Bpas|hev,|"|hsrl’. (7) 


2.3. Mode of decode-and-forward relaying 
With regard to EH-NOMA using DF relaying the end-to-end SNR from the BS to user U; can be 
expressed as 


ve, = min (ysR1, YRU, ) 
sides (1— 8) arp|hsrl° Bpay|hrv, l hsr? (8) 
(1 — 8) azp|hsr|? +1° Bpaz|hsrl? |hru,| +1 


It is worth noting that such min function is maximized when all of its argument becomes equal. As a 
result, the following optimal value of 8 is found to achieve maximal instantaneous rate as 





1 
Boru, = oa (9) 
PECO Vary +1 
For DF case, the SNR from the BS to U2 can be computed as 
BE = min (YSR2, YRUz) 
. 2 2 2 (10) 
= min (a — 8) azp|hsr|“, Bpaz|hru,| |hsrl ) 
Similarly, the optimal value of 8 can be obtained to achieve optimal instantaneous rate as 
Br = : (11) 
DF U2 A P aa 
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2.4. Mode of amplify-and-forward relaying 
For AF- based EH-NOMA, the received SNR at the U; can be formulated by (4) [22] 
aF ~ _ISRIYRU, 
YSR1 + YRU, 
ne (1 — 8) Bpa (hru, | hsr? 
~ 2(1— 8) Bpag|hsrl” |hru,| + (1 — 8) + blhro l” 
Similarly, the SINR can be obtained at U2 as 


(12) 





apo =p) bpaz|hru:l hsr? 
2 (1-8) + Blau. 
The following optimal value of 8 in AF scenario is expressed by 
1 
|hru;| +1 





(13) 


Baru, = (14) 


3. OUTAGE PROBABILITY 
3.1. Decode-and-forward relaying 
3.1.1. Outage probability of U: 
As definition and considering as important metric reported in [7], [8], this section presents outage 
performance of such EH-NOMA. 
Putting optimal value of ( raised in (9) into (8), it can be obtained SINR in new form as 


DF _ pay|hsr|\hru, | 

YW, = 2 2 2 (15) 
paz|hsr| |hru, | + |hru | +1 

Then, the outage probability of U; can be formulated as 


OPR” = Pr (BE < Yini) (16) 





where yeni = 27% — 1, i € {1,2}, with R; is target rates for U4, U2, respectively. 
Proposition 1: The expected outage of Uj; is given by 


a Ythi (+1) 
OR = J (1 —e eatin ) ARU, e7 òRU Tdr 
n (17) 


ASRY 
= 1267 Fa amea | WHIASRARI ge [ 9, | YomAnviAsR 
(a1 — Yen142) P (a1 — Ytn1@2) P 


Proof: See appendix A. 


3.1.2. Outage probability of U2 
Similarly, originating from SINR we have 





pr _ paalhru, 7|asr| 
Us 5 (18) 
lhru,| +1 


Then, after some algebra mathematical manipulations, the outage probability of Uz can be computed 


OPS. =] _ 2e —ASR7th2 snno Nng 
k (2 Faas) 


where K,,,(.) stands for the modified Bessel function of second kind and nth order. 


as 


(19) 
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3.2. Amplify-and-Forward relaying 
3.2.1. Outage probability of U1 

After putting the optimal PS ratio 8 of AF based EH-NOMA we can write the SINR for this case and 
it is expressed in approximate form as 








2 2 
AF ~ pailhru,| [hsr] (20) 
Mi aliea hai olla 
paz|hsr| [hru | + (1 + |hru,|) 
Then, the expected outage performance at U; can be formulated by 
Ore ~ Pr (vor < Yeh) 
1+ |h = (21) 
~ Pr lasrl” < Veni ( | RU; |) 5 
p (a1 — 24¢n142) [hru | 


Performing computational technique reported in [7], it can be obtained outage probability for U; in 
AF mode as 


Aa 
OPAP ~ 1 — 2e Per umaa) en 
P \Q1 — 4Yth142 





x K, (2 YtniAsRARU, | Bar Ceca (22) 
p (a1 — 24tn1 22) 





Co 

2 A ___ ZÀASRľth1 

J es e P(@1=2%¢n142)* e~ ARV? dy 
p (a1 — 27tn142) YT 


With help [23, 3.471.9], (22) can be formulated as 


-ASRI 
OPF ~ 1 — 2e P1- 27132) Yth ÀSRÀRU: 
: p (a1 — 2%n142) 


x Kı ( 2,/—emdswAnu, |) 4 en ae inaran Ate Ase Any, 
p (a1 — 27n142) p (a1 — 2%4n142) 


Whi ASR ee Whi ASRARU, 
x Kij | Uya eee same ame 
p (a1 — 27tn142) ARV, p (a1 — 27tn142) 
3.2.2. Outage probability of U2 
Similarly, we first consider SINR in AF mode for U2 as 


(23) 





| 2 





Ap _ Pa|hsr| [hru 
AF = 
Í (1+ |krv])" 


Then, the outage probability can be determined at U2 as 


(24) 


ASR7eh2 ASRARU2 Yth2 


OPF ~ 1- 2e 
pag 


(25) 
paz paz 


VWth2ASR me Vth2ASRARU> 
x Ss a n Kya 2 a eae ee ra 
pa2rRU» par 


By using (15) for (19), we formulate the outage probability as 





t hr "44 
OPPF =Pr (Insel < Sana (Peata (E1) ) (26) 


(a1—yh102)P|hru; i 
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Based on probability density function (PDF) of [he |? is given as fi p,,\2 (x) = Aru, e782", it can be 


rewritten as 
Ytn1 (+1) 
(21 -Ytn122) ex 


OPE” = Jira (x) I Jiteal® (y)dady 
0 0 


(27) 

R ___Ythi(@+1) 

= [ (1-e shear) Arue OF? da 
0 
Thus, based on [23, 3.324.1] OPPF can be obtained as 
v7 _ thit!) 
orge = f (i-e aara ) Apy eae 

(28) 


A 
oe eee Yth ÀSRÀRU, Ki l2 VeniARULASR 
(a1 — Yen1@2) P (a1 — Yen1@2) P 


It is end of the proof. 


4. SIMULATION RESULT 

In this section, we perform numerical simulations to exhibit performance metrics of EH-NOMA 
system. We set fixed power allocation factors as aj = 0.9, a2 = 0.1. To form wireless channels, we set 
ASR = ARv, = 1, Aru, = 2. 

The outage behavior of two users in DF and AF can be seen in Figure 2 and Figure 3. It can be 
confirmed that at high SNR, such outage performance can be improved significantly. Regardless architecture 
of AF and DF modes, similar trends of outage probability for two users can be reported. More importantly, 
theorical and Monte-Carlo simulation results are matched very tight which verify the correction of expression 
derived. Different power factors used in users are main reason of performance gap in Figure 2 and Figure 3. 

In Figure 4, trends of outage probability are varied based on how percentage of power allocated to 
each user. When a; varies from 0.5 to 1, outage probability of user U, improves clearly. Which situation is 
opposite with performance of user U2. 
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Figure 2. Outage performance of U; versus SNR with Rə = 0.5 
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5. CONCLUSION 


This paper considers main parameters make influence on EH-NOMA system, in which NOMA users 


cooperate with relay by exploiting wireless powered capability. The detail performance analysis has been 
performed in terms of outage probability. The closed-form expressions related to such are derived, and it is 
shown that performance gap exists among two NOMA users for both AF and DF mode. The target rates and 
power allocation factors are main impacts on outage probability. By implement EH in such NOMA systems, 
we can prolong their operation and the constraint of outage performance is still acceptable. 
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